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An 1rrigation management

ABSTRACT

system monitors irrigation

parameters, including progress of flood irrigation water
admitted onto a farm field, water levels 1n ditches, basins or
boxes, soi1l moisture, water usage and other important fac-
tors. In flood 1rrigation a series of small, inexpensive sensors
detect the presence 1n each of the sensor locations 1n a field,

and each sends a signal when
In a preferred form the sensor

water first reaches the sensor.
communicates by long-range

radio communication either directly with a hub or gateway,

or by sending a transmission t
location and ultimately to the .

nat 1s relayed from location to
1ub or gateway. All aspects of

irrigation water need, availabi

1ty, task completion, pipe and

equipment status, and water usage are monitored and com-

municated to the farmer. The

ticient water

system allows ¢

management and reliable and responsible irrigation at all

irrigated fields.

14 Claims, 12 Drawing Sheets
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IRRIGATION MANAGEMENT SYSTEM

This application claims benefit of provisional application
No. 62/650,166, filed Mar. 29, 2018.

BACKGROUND OF THE INVENTION

This invention concerns farming, and in particular i1s
directed to 1irrigation management on farms, especially
including flood 1rrigation.

Irrigation of a farm field by flood 1rrigation, typically on
a relatively flat field with a slight downward grade, is
common 1n some geographical areas. For example, many
crops are 1rrigated by flood 1rrigation 1n the Central Valley
of Califorma. In most recent years, water has been in short
supply.

For such irrigation, water stored behind dams and directed
through irrigation channels or pipes 1s applied by releasing
the water at the higher end of a field and allowing that water
to flow by gravity over all areas of the field. The field may
be as small as about one-half acre or 1t could be many acres.
Typically the field will have one crop, the water needs of
which should be consistent 1n all areas. However, variations
occur in surface contour, soil type and subsurface geology
and, for example, some areas will drain water more quickly,
with others holding water longer on the surface.

An objective of the invention 1s to maximize efliciency of
water use 1n management of tlood 1rrigation and other forms
of 1rrigation on farms. In flood 1rrigation this involves
sensing the presence of surface water at a series of different
positions 1n a field, letting the farmer know when water
reaches a particular area of the field and, optionally, how
long the water remains. Also, related objectives are to
measure soil moisture at various points and to determine
water surface levels, including upstream and downstream of
a gate, all to provide the farmer with complete and thorough
information regarding an irrigation system to enable the
farmer to manage 1rrigation more precisely and efliciently,
saving water and time.

The following patents and applications may have some
relevance to the invention: U.S. Pub. Nos. 2017/0127622,
2016/0219805, 2016/0183484, 2014/0361887, 2014/
0225747, U.S. Pat. Nos. 8,739,830, 8,643,495, 8,326.,440;
China Pub. Nos. CN 105123446, CN 104542197 and CN
103210819.

SUMMARY OF THE

INVENTION

Pursuant to the invention an irrigation management sys-
tem monitors progress of flood irrigation water admitted
onto a farm field. A series of small, inexpensive sensors
detect the presence in each of the sensor locations in the
field, and each sends a signal when water first reaches the
sensor. In a preferred form the sensor communicates by
long-range WiF1 (LORA) or similar long-range wireless
communication, either directly with a hub or gateway, or by
sending a transmission to be relayed from sensor location to
sensor location and ultimately to the hub or gateway. In that
form each sensor can receive signals as well as send signals.
The system allows eflicient water management and reliable
irrigation at all areas of an irrigated field. An important
feature of the invention 1s construction of the sensor device.
The sensor 1n one implementation 1s formed of mexpensive
plastic plumbing pipe, such as PVC pipe, with an internal
diameter of at least two inches, or a range ol about two to
four inches. The bottom end of the pipe section 1s fully
closed, either with an integral closure or a cap, and the
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2

housing has a top cap which 1s removable. When the top cap
1s 1nstalled the sensor unit 1s fully sealed against intrusion of
moisture. The top cap may be threaded, or simply fitted
closely onto the top end of the section of plumbing pipe. The
housing could be formed of other materials, such as custom
injection-molded components 11 desired.

Near the bottom of the sensor device, approximately
one-halfl inch to one inch above the bottom end, are a pair
ol conductor probes 1solated from each other and extending
from the interior to the exterior of the housing, positioned to
sense surrounding water that reaches a preselected depth
threshold (such as one-half inch to one inch). Note that only
one sensor need be at the desired sensing level, the other
being lower and optionally integral with a spike extending
downward from the housing to hold the unit at the selected
location on the ground.

Within the 1nterior of the housing 1s a battery, an antenna,
a microprocessor and a radio transmitter (LORA or other
long-distance wireless), as well as a circuit connected to the
two external conductor probes for detecting the presence of
surrounding water. The sensor circuit includes the battery
and an activator (which may be the microprocessor) such
that in absence of surrounding water an electrical potential
exists between the external conductor probes, without cur-
rent tlow, but 1n the presence of surrounding water the circuit
1s closed, causing the processor to fully awaken and to send
a wireless signal over LORA indicating the presence of
water.

These small, compact sensors are placed at a series of
locations on a field to be subjected to flood 1rnigation. They
enable the farmer to monitor, with resolution as desired,
cllected by the number and density of sensors 1n the field, the
irrigation water reaching each of many diflerent areas of the
field. When 1rrigation water 1s admitted from the high end of
the field to flood the field, the water sensors at respective
positions 1n the field will send a signal upon water reaching
the preselected depth surrounding the respective water sen-
sor, thereby providing information as to progress of 1rriga-
tion water 1n reaching diflerent areas of the field.

In one implementation of the invention, the sensors, or at
least some of them, can receive and transmit, and a signal
from one sensor can be passed on in chain-like fashion
successively to and from further sensors until the signal
reaches the hub or gateway. This enables the signal to travel
as far as desired, as long as the chain segments are func-
tional, which will require each of the sensors 1n a commu-
nication path be “awake” to the extent of receiving a signal.
This could be only selected ones of the sensors suflicient to
establish a live path. Alternatively, all sensors could remain
quiescent until water awakens them, and hubs could be
placed as needed to enable the communication path. In an
alternative implementation each sensor 1s capable of sending
a signal that will reach the hub or gateway directly, not
involving mtermediary sensors.

Each sensor can include a GPS transmutter 1f desired, for
reporting 1ts position with a transmitted signal. This will
increase a sensor’'s awake time shightly, as the sensor
acquires 1ts GPS position, then the sensor will go back to
sleep. The use of GPS enables a map to be presented on the
farmer’s screen (whether a PC or a mobile device), showing
an accurate location of each sensor on the field. With the
sensors being small, the GPS locator feature can be impor-
tant 1n finding a sensor. As an alternative, however, the
sensors can be noted as to position when placed (such as
using a separate hand-held GPS device, such as on a
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smartphone), which will also enable a map to be created.
Each signal from a sensor 1s unique and identifies the
particular sensor.

Further, a solar cell can be provided on or near each
sensor, to charge a rechargeable battery 1n the unat.

In one embodiment the gateway can send a confirming
signal back to a sensor, indicating the sensor’s transmission
has been received. In this case all sensors are receivers as
well as transmatters.

The microprocessor used in the unit can be a Particle
Photon Wi-Fi1 connected microcontroller, although other
processors can be used.

It 1s among the objects of the invention to provide a
simple and conveniently used farm management system,
particularly to monitor many different points 1n fields with
regard to flood irrigation and water status, for providing
comprehensive data to the farmer, increasing the farmer’s
clliciency and precision 1n managing irrigation and resulting
in much more eflicient use of time and of water and
assurance that crops are receirving the correct amount of
water. These and other objects, advantages and features of
the mvention will be apparent from the following descrip-
tion of a preferred embodiment, considered along with the
accompanying drawings.

DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an aenal plan view of a farm exemplifying the
system of the invention.

FIG. 2 15 a perspective view of a water presence sensor as
a key component of the system of the invention.

FIG. 3 1s a perspective view of the sensor with cap
removed, showing components contained 1nside the water-
prool capsule.

FIG. 4 1s a schematic drawing indicating concepts of the
invention.

FIG. 5 1s a drawing indicating schematically a farm field
and progression of flood 1rrigation across the field.

FIG. 6 1s a flow chart indicating functions of the system.

FIG. 7 1s a schematic circuit diagram for the sensor.

FIG. 8 1s a plan view showing a printed circuit board
according to one implementation of the ivention.

FIG. 8A 1s a perspective view of a diflerential water level
sensor 1n one embodiment of the invention.

FIG. 9 1s a schematic elevation view indicating another
embodiment of a sensor of the invention.

FIG. 10 1s a block diagram showing inputs on a farm to
a central hub or gateway and use of data from the inputs.

FIG. 11 1s a flow chart outlining procedure on a farm for
irrigating by flood and by micro irrigation.

DESCRIPTION OF PREFERRED
EMBODIMENTS

The system of the invention 1s an open platform hub and
spoke, or combination mesh and hub/spoke, connected farm
utilizing long range Wi-F1 radio technology. As explained
above, the system includes special sensors and transmits
information to a central hub, or gateway, the farm having
many of these sensors 1n different fields. The system pro-
vides comprehensive irrigation water status information,
including real-time data, enabling the farmer ethiciently to
manage the use of flood irngation water and to detect
problems involving broken pipelines, overtlows or acci-
dently flooded areas. The presence ol water at any of the
many sensors can be sent to the farmer or manager via text
message or other forms of commumication 1 a portable
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4

smartphone or other device, including urgent alerts in the
event water 1s detected where 1t should not be present. The
system allows the farmer to prevent over watering, as well.
Water costs can be greatly reduced, as well as labor costs.

In an embodiment of the system level sensors are also
employed, providing the farmer data on levels at strategic
locations such as at basins or channels upstream and down-
stream of valves, for water tlow and availability status.
Further, so1l moisture sensors can be included in some fields.

The system of the invention can monitor other aspects of
the farm, such as the use of equipment, and the location and
movement of equipment.

FIG. 1 shows an example of a farm 10, in aenal view,
using the system of the invention. The farm has various
fields typically with different crops, the fields indicated as
12, 14, 16, 18, etc. Barns, sheds and storage for equipment,
grain, e¢tc. are indicated within rectangular areas at 44 and
46. A farmhouse and associated buildings are shown at 50.
A gateway for the system can be located in the farmhouse,
in other buildings that might be located 1n the areas 44 or 46,
or in any sheltered housing at a convenient, accessible
location.

FIG. 1 also shows, as an example, locations of various
sensors on the farm, sensors that can transmit data signals to
the hub or gateway of the system. A series of eleven sensors
52 are shown 1n the field 30, at positions determined to be
critical indicators of the progression and distribution of flood
irrigation across the field, the field typically having a slight
downward grade from the flooded end to the lower end. The
field 18 1s shown with a series of sensors 52 at selected
locations 1n the field, and similar sensors 52 are shown in
several other fields. These are water presence sensors,
although they could have other features as well, as discussed
below. In the field 30 the sensors are shown 1n a view that
might be presented on a screen of a computer or portable
device. Five of the sensors 52 near the higher end of the field
have blue indicators, to show water sensed at those loca-
tions. The other sensors 1n the field are shown dry.

Other sensors are shown at 55, arranged along an irriga-
tion ditch or pipeline. These sensors will report water level,
which also provides an inference of the level of pressure
being exerted on a pipeline. In some cases a pipeline can
only withstand a predetermined pressure, and the system can
provide alarms 1f that pressure 1s being approached, or
exceeded. This can be an urgent situation and can be
addressed by the farmer to avoid a pipe or ditch failure.

In FIG. 1 a field 24, typically an orchard, has been
sprayed, so that entry by farm personnel should be prohib-
ited for a prescribed period, as indicated 1n the drawing. This
can be 1mitiated using a sensor on the tractor used in the
spraying, including an input of the duration of time for the
prescribed period.

An embodiment of the water presence sensor 52 1s shown
in FIGS. 2 and 3, with an example of one form of preferred
circuitry shown 1 FIG. 7. FIG. 2 shows the sensor device
52, as one example, formed 1n a simple and relatively low
cost construction using PVC pipe components 56 and 58.
The cap 58 can be connected to the base 56 by screw threads,
or simply by a close fit, with the two components tightly held
together 1n waterproof relationship. The sensor device has a
pair of contacts for sensing the presence of water, and these
can be a bottom prong 38 that anchors the device in the
ground, as one contact, and a second contact 60 at a selected
height for activating the electronics of the device when
water reaches the level of that contact 60. An antenna 62 can
extend out the top of the cap, or an internal antenna can be
used. The contacts and antenna are sealed to the housing so
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as not to allow intrusion of water. Instead of the PVC
components, the sensor casing can be an off-the-shelf plastic
clectronics box with openable, sealed cover. Many such
boxes are available.

In FIG. 3 the cap 38 has been removed, revealing elec-
tronic components in this preferred embodiment, contained
within the sealed interior. These 1include a battery 64, which
can use lithium and be rechargeable (or other types of
battery, such as four AA cells, non-rechargeable). A charge

controller PCB 1s shown at 66 1n this embodiment (TP40356-
Protect shown here), and at 67 1s the LORA radio PCB. FIG.
8, discussed below, shows a main PC board for one imple-
mentation of the mvention. One example of a processor for
the system 1s a Particle Photon Wi-F1 connected microcon-
troller, capable of LORA transmission.

The diagram of FIG. 4 indicates general layout of the
system and various functions. The hub or gateway of the
system 1s 1ndicated at 70, preferably located centrally on the
farm to recerve wireless signals from a variety of sensors on
the farm. As indicated, the hub receives data and loads the
data to a cloud based server via cellular signal or via an
available local Wi-F1 system to the Internet. The data can
then be retrieved by the farmer or farm manager from any
location, and alerts or alarms can be delivered to the farmer
if something urgently needs attention.

FIG. 4 also 1indicates signals going to and from the hub 70,
the hub communicating with various sensors. Water pres-
ence sensors are noted at 52, but also indicated are water
surface level sensors 55, discussed above 1n connection with
FIG. 1, for monitoring water 1n a pipeline or in a canal or
basin or 1rrigation ditch delivering water. Further, the hub 70
can be connected, preferably with two way communication,
to valve sensors 72 to report the status of valves, and pump
power usage dicators 74. Further, GNSS (global naviga-
tion satellite system) devices can be installed on farm
equipment and various other assets of the farm where
tracking would be useful, as indicated at 76. For example,
tractors can each be equipped with GNSS, as can 1mple-
ments towed by tractors, and various other mobile assets of
the farm.

FIG. 5 schematically illustrates a farm field 80, which
trends downhill in the direction of the arrow 82. Irrigation
water 1s released at the top end 83 of the field, as indicated.
The water progresses along an advancing front indicated at
84. Water presence sensors 52 to which the water has
advanced are shown shaded 1n the drawing, and these have
sent a signal to the hub of the system, since the two exterior
contacts on each of these sensors have closed the circuit and
activated the electronics. Additional sensors 52a 1n FIG. 35
have not yet been activated. This will show any irregularities
or anomalies 1n the pattern of water advancement, 1.e. 1n
watering the crops in the field. The data can be presented
pictorially on a computer screen or the screen of a smart-
phone or other portable device for observation by the farmer.
There may be sensors that have not been activated, thus
arecas not reached by water, or there may be some that
require longer than expected to be activated. This can
indicate the need for some adjustments to the surface grade.

FIG. 6 1s a simplified flow chart 1llustrating operation of
the system of the mvention in the block 90. The more
densely the sensors are placed, the higher the resolution
provided to the farmer as to wetting data as the flood
irrigation 1s advanced on the field. After initial testing and
calibration, the block 92 shows that all electronics of the
sensors are quiescent, drawing almost no power at this point
(preferably less than 20 milli Amps). An electrical potential
exists between the two exterior contact probes, but without
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current flow. Flood irrigation begins as indicated at 94. The
irrigation water advances down the field, such that water
rises and contacts the sensor probes of the sensors, one by
one. This 1s ellective to close the sensor circuit of each
sensor which has been reached by the water, as indicated 1n
the block 96. This triggers flow of current, at a voltage of
greater than a threshold of 0.5V.

As 1n the block 98, with the circuit closed and voltage
exceeding 0.5V, this wakes up the microprocessor. The
microprocessor causes a signal to be transmitted (e.g. a
LORA signal), indicating “water present”. This signal goes
to the gateway or hub 70. It may not be sent directly to the
hub; in an embodiment of the invention 1t can be sent
successively from sensor to sensor to reach the gateway 70,
provided the sensors are both receivers and transmaitters.

In a preferred implementation of the system, receipt of the
signal at the hub 70 must be confirmed or the signal will be
retransmitted by the microprocessor in the sensor. See the
decision block 100.

As 1n the block 102, after the signal has been transmuitted
and received, all electronics return to the quiescent state,
except that a small current continues in the sensor circuit.
The voltage over the threshold of 0.5V will exist, but with
a very small tlow of current and low power draw, as long as
water remains. No further signal will be transmitted.

After the water recedes below the point at which the
sensor’s contacts are wetted, the sensor’s circuit opens, as 1n
the block 104. In one form of the system the electronics of
the sensor are all reset at this point, returning status of the
sensor to the block 92 as indicated the dashed line 106.
However, in another implementation indicated in the
optional block 108, the opening of the sensor circuit will be
an event that causes the microprocessor to transmit a second
signal, different from the first signal, and confirming that the
water has receded. This will give the farmer additional data
indicating the length of time during which the water was
present. Again, as noted in the decision block 110, the
system can require confirmation that the signal was
recetved. Once that has occurred, the status of the sensor
returns to block 92.

FIG. 7 shows a preferred embodiment of the electronics
contained 1n a sensor 52. The sensor’s probes are indicated
by lines 58 and 60 1n the diagram, which can be connected
by water as noted at 112. The microprocessor, which can be
a Particle Photon Wi-Fi1 connected microcontroller, 1s
denoted at 68. A LORA transmitter of the sensor 1s shown at
67. A GPS can be included 1n the sensor, as discussed above,
and this 1s indicated 1n the diagram at 114. The battery 64 1s
also shown, indicated as a rechargeable battery which 1n a
preferred embodiment 1s charged inductively; FIG. 7 indi-
cates an inductive charging coil 116 1n the sensor 1 a
position to be charged from outside the housing, this coil 116
being connected to a battery charge controller 66. Other
batteries can be used, such as AA non-rechargeable cells.
Any source of approximately 5V 1s adequate.

As indicated 1n the schematic, the closing of the circuit via
the conductor probes 58 and 60 causes a flow of current at
3.3 volts 1in the microprocessor 68, and the microprocessor
activates the LORA transmitter 67, again with current flow-
ing at a voltage of 3.3 volts the transmitter. Further, the
microprocessor controls the GPS 114, activating the GPS to
send a signal only when controlled by the microprocessor to
do so. Again, current 1s shown flowing at 3.3V. The GPS
receives satellite position data and transmits that data to the
microprocessor, as indicated in the drawing.

The components of the sensor for one embodiment of the
invention are also shown 1n FIG. 8, 1n this case a water depth
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sensor. FIG. 8 shows a printed circuit board 120, 1n this case
connected to an ultrasound surface distance sensing unit
122. This 1includes an ultrasound transmitter 122a and
recerver 1225, for determination of distance from the sensor
to a surface, e.g. a water surface. Otherwise, the PC board
120 has most of the components shown 1n FIG. 7 (without
GPS). The LORA radio transmitter 1s shown at 67, the

microprocessor 1s at 68 and the charge controller 1s shown
at 66. The device shown at 124 i FIG. 8 1s a 3.5V to 5V
converter, which 1s needed for the ultrasound surface dis-
tance measuring device 122. These electronics can be the
internal components of the depth sensors 55 discussed
above.

FIG. 8A shows an implementation of a dual depth sensor
55a with the electronics described above for sensing depth
by distance to the water surface. The two-sensor device 1s
used for differential depths, such as 1n a box, at upstream and
downstream sides of a gate valve, to provide important
information to the farmer. One main PC board (120, above)
can serve both ultrasound units, with only the specific
ultrasound electronics duplicated. The embodiment shown
has a housing of PVC components, and 1s connected to a
solar array 123 for recharging the battery of the device
during the day.

FIG. 9 shows schematically another form of sensor 125
that can be included with the system of the invention. The
sensor can have a base and cap 56 and 58 similar to the
sensor 32 described above, but with a taller profile, an
additional section of the sensor being shown at 126. Here,
the sensor 125 can sense a successive series of water levels,
to 1ndicate depth or pressure. Thus, contacts are shown at
128a, 128b, 128c, 1284 and 128e. The signal sent by the
microprocessor 1n this case will indicate the level reached by
the water. Further, the sensor 125 can include sensing of soil
moisture capacity. Three fork-shaped probes 130 are indi-
cated as connected to the device 125, each to indicate the
capacity ol the soil-held moisture at a different level. A
potentiometer signal 1s received and fed to the micropro-
cessor to provide moisture at each depth, with this data then
sent to the hub or gateway.

An i1mportant aspect of the invention i1s that the water
presence sensor as described above constitute the basic
sensor architecture for all sensor devices 1 the system. All
the basic components are the same for water presence
sensors, water level sensors, soil moisture sensors and
intermediate hubs. These basic components are the micro-
processor, the LORA communication device, PC board,
antenna and battery (which may be rechargeable, with
charging circuitry, or can be recharged with a solar PV array
nearby). GPS may be included in all. Each type of specific
purpose sensor has 1ts own additional component(s), as for
moisture sensing, level sensing, etc. Some of the devices, as
noted above, can have ofl-the-shelf electronics boxes as
housings. In particular the gateway or hub 70, moisture
sensors and water level sensors can be in such housings, as
can be the water presence sensors.

One embodiment of a preferred farm system of the
invention includes the water presence sensors 52, water level
sensors 35 (using the ultrasound distance measurement
device 122), so1l moisture measurement devices, a gateway
to receive transmissions from the wvarious sensors, and,
optionally, intermediary hubs as needed to relay signals from
the sensors to reach the gateway, in the event sensor to
sensor relayed “mesh” communication 1s not used. The
tarmer 1s thus provided with comprehensive data concerning
irrigation conditions on the farm, as well as water available
at any given time, and rate of water use. This information 1s
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available 1n real time, with alerts to the farmer 1n the event
of urgent situations. Alerts can be via a mobile device such
as a smartphone, or received via wireless signal or local
Wi-F1, from the Internet. The Internet need not necessarily
be involved; the data could be communicated from a local
server computer to the farmer’s smartphone directly, via
long-range Wi-F1 existing at the farm. However, a cloud-
based server has several advantages and 1s preferred. Pro-
gramming on the server can serve many farms, and 1s fairly
sophisticated, with the ability to receive and manipulate
many types of data and to present relevant status and maps
as well as to retain historical data for the farmer, recallable
when needed. Also, the cloud-based server enables the
farmer to monitor conditions when away from the farm.

In the diagram of FIG. 10 the system of the mvention 1s
schematically illustrated. This diagram essentially expands
on the simplified diagram of FIG. 4. The central hub or
gateway 1s shown at 70, receiving data from a multitude of
sources, all over local Wi-F1, preferably long range Wi-Fi1 or
LORA. Examples of data inputs are shown 1n the schematic.
One (of several, or many) flood-rrigated field 1s shown at
30, with a series of the water presence sensors 52 positioned
in the field. Wireless transmissions from these sensors to the
gateway 70 are indicated. Optional “mesh™ communication,
from sensor 32 to sensor 52 and ultimately to the gateway,
1s 1ndicated at 132. This has power drawbacks and more
preferably intermediate hubs 134 can be positioned at stra-
tegic locations to carry the signals from the sensors 52
ultimately to the gateway 70, thus requiring lesser reach for
the Wi-F1 communication. Each sensor 52 directly commu-
nicates to a hub 134, allowing the sensor 52 to power down,
returning 1t to “sleep” mode and conserving battery. Hubs
134 will always be powered up, with batteries preferably
charged by adjacent solar panels, so that battery usage at the
hubs 134 1s not an 1ssue.

Water level sensors at indicated at 55 (with ultrasonic
distance sensors 122), providing water level data for ditches,
basins and boxes, and also differential levels where needed.
As noted, solar panels 123 preferably are used to charge the
batteries of the level sensors 55 so they can remain powered.
This can also be the case with the soil moisture sensors 125.
Pump status data 1s shown as sent to the gateway 70, as
indicated at 136. Soil moisture sensors are indicated 1n the
box 125, sending their signals when required to provide soil
moisture content data. These sensors, shown 1n FIG. 9, can
be similar to the soil presence sensors 52, with the same
basic electronics by including the moisture sensing appara-
tus, such as 1llustrated 1n FIG. 9. Water level sensors and soil
moisture sensors are best served by adjacent solar panels to
recharge their batteries during the day. The box water level
sensors preferably are always operational, not going into
sleep mode. The same i1s preferably true of soil moisture
sensors. In fact, these solar-recharged sensors can act as
some or all of the intermediate hubs 134, 1l in strategic
locations for the needed retransmissions.

Further, FIG. 10 shows a tractor 138, towing a farm
implement 140, as an example of farm equipment that can
be monitored as to position and use, each sending Wi-Fi
signals (LORA) to the gateway 70 as requested. As dis-
cussed above, any number of farm 1mplements and equip-
ment can be monitored, each having GPS as noted at 142 in
the drawing. The system can thereby provide data as to
real-time position and movement of tractors and farm 1mple-
ments, and can maintain a historical database as to how
much use each farm implement, particularly tractors, has
had over a requested period of time, and what implements
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were towed by the tractor. With this information the farmer
can appropriately rotate farm equipment to get maximum
usage and life.

Also 1n the diagram of FIG. 10, the Internet with cloud
server 1S denoted at 144; communication from and to the
gateway 70 can be via local Wi-F1 or cellular communica-
tion. As 1llustrated, the server can provide information to the
farmer via the smartphone 146 and/or via a portable or
desktop computer of the farmer. As noted, these data can be
real-time status data and/or historical data, regarding water
presence, pumps, moisture, levels, diflerential water levels
and GPS position of sensors and of farm implements, as
discussed above.

The flow chart of FIG. 11 outlines the steps taken by a
farmer 1n a typical crop watering scenario. The block 150
indicates opening the software of the system, which can be
mitiated by the farmer using a computer or a smartphone.
This user interface connects to the database, preferably a
cloud server. In this case the farmer checks soil moisture,
indicated by the block 152, which can be by using electronic
so1]l moisture monitors including the moisture probe features
130 as indicated in FIG. 9. The so1l moisture 1s preferably
reported at different depths, important for many crops
depending on typical root penetration of the crop. For other
fields without soil moisture probes, the farmer simply
checks the fields by direct observation, and/or weather over
the previous days or weeks and predicted weather, duration
of time since the last watering, the nature of the soil 1n the
field, recent temperatures and humidity, sun exposure and
other relevant factors. The decision as to whether to 1rrigate
1s noted at 154. If the decision 1s negative, the farmer can
examine historical data as to trends and differences 1n
watering cycles, for help mm making irrigation decisions
going forward. This 1s noted at 156. The decision might be
to wait one more day, as noted at 1538 and 160, and 11 the
decision 1s not to wait another day (based on the trends and
differences observed), the tlow goes to the decision block
162, where 1rrigation method 1s selected. For micro irriga-
tion (block 164), as i1n spraying with sprinklers or drip
irrigation, driven by a pump, the farmer selects the water
source or sources to be used (166). In a system of 1rrigation
pipes or ditches as the supply of water, the farmer may need
to contact the 1rrigation district as to the availability of water,

and request a desired flow rate or quantity of water. If

suflicient water 1s not available, available well water can be
used alone or 1in combination with district water.

The block 168, “begin flow”, indicates the beginning of

water delivery. In an 1rrigation district the source could be
one or several miles away, upstream of the farm. A gate will
be opened, typically by an 1rrigation district person. Depend-
ing on the distance of the gate from the farm, it might require
several hours belore the water arrives at the farm. Because
the time of water arrival 1s not precisely known, the farmer
monitors a box level, as noted 1n the block 170, to determine
when the water 1s available at the farm. This can be done
with an automatic alert to the farmer on a smartphone, from
a signal sent by a device such as shown in FIG. 8, a distance
sensor that will provide the farmer with water level 1n the
box or 1n an wrrigation canal or ditch. When the water rises
in the box, and reaches the desired range as needed for the
irrigation (decision block 172), the irrigation 1s started, as
noted in the block 174. If the level of the water supply has

not reached the desired range, the farmer can be alerted of

this condition, as i1n the block 176, or he can simply be
notified only when the water does reach the desired range.

Irrigation 1s commenced, and this 1s micro irrigation
involving pumps, so the block 178 denotes that the farmer
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checks pressure 1in pipes. This can involve several check
points and 1s provided so the farmer can assure that pressure
1s within the desired and safe range, as noted 1n the decision
block 180. For example, 1t 1rrigation water 1s being pumped
out at too great a flow rate, faster than the water 1s being
delivered to the box, this will cause a problem and can be
indicated by pressure or water level upstream of the pump.
IT pressures are too high 1n pipes downstream of the pump,
this can indicate a blockage or partial blockage, at a filtration
point or at some of the irrigating nozzles. Any blockages or
high resistance downstream of the pump can present a
danger of burst pipes and must be addressed by the farmer.

The block 182 notes that the farmer 1s alerted to any
out-of-range pressures. If pressures are within range, this 1s
indicated to the farmer (block 184), and at this point the
farmer can be prompted to indicate a duration for this
irrigation cycle, block 186.

Irrigation continues for the selected duration (block 188),
and, when the duration has expired (block 190), the water
flow 1s stopped at the source (192), 1.¢. the source of the pipe
or ditch mrrigation water which might be upstream several
miles. Again, pressure and levels preferably are monitored,
as noted in the blocks 194 and 196, to be sure the system
shuts down properly. In the gravity system of delivering
irrigation water to a number of farms, as 1s the case here,
water coming down the ditch or pipe to the farm must be
used, and thus 1rrigation continues until levels and pressures
are sate and within ranges, as 1n the decision block 198.
When this point 1s reached, irrigation 1s terminated (200),
and a report (202) 1s sent to the farmer (received on a
smartphone or computer), reporting the duration of the
irrigation, approximate number of acre feet used, and how
many flushes have occurred.

Backflushing 1s required for filters used to remove par-
ticulates from water to be used in 1rrigation. These includes
sand filters and other types of filters, subject to clogging 11
not periodically backflushed. Different water sources have
different filtration needs and are an important factor in
determining how often the system will need to flush filters.
Well water typically 1s cleaner than canal or ditch water. The
system of the invention preferably operates backflushing not
based on time intervals, which can waste a considerable
amount of water by backflushing when not needed. The
system described herein does not initiate flushing based on
time, but rather on differential pressures and also based on
the water source; well water will need very little filter
flushing. By monitoring differential pressures upstream and
downstream of the filter, the purer nature of well water 1s
automatically accounted for.

Going back to the block 162, when the 1rrigation method
1s flood 1rrigation (block 202), again the water source to be
used 1s selected, as noted at 204, and tlow begins (206),
which again may be from a source far upstream, requiring
the opening of a gate. The farmer checks the box level (208),
and steps 210, 212, 214 are similar to those described with
respect to the blocks 172, 174 and 176. Here, flood irrigation
1s carried out by gravity flow, so the farmer checks the water
flow, at block 216. The farmer needs verification that water
level 1n the box, once present, 1s at a high enough level but
not too high. Differential level sensors, as discussed above,
can be used to provide more information, not only as to level
but rate of flow, as by monitoring level both upstream and
downstream of the farmer’s gate, 1n a box.

If the flow 1s outside of an acceptable range (decision
block 218), the farmer 1s alerted (220), as on a computer or
a smartphone. Once the tflow 1s within limits, the progress of
the flood 1rrigation 1n one or more fields 1s monitored, see




US 10,524,430 Bl

11

block 222. For this function the water presence sensors 52
described above can advantageously be used. It desired, the
farmer can be presented, on a computer or smartphone, with
a real-time map showing which sensors 1n a field are wet and
which remain dry. As discussed earlier, there can be many
sensors 1n a field, for higher resolution of data to the farmer.

At the decision block 224 the query i1s whether 1rrigation
of the field 1s complete, but this 1s actually a projection as to
whether 1t appears to be complete at this point. If not, and
progress 1s not within range (decision block 226), the farmer
1s notified (228). If irrigation of a field 1s taking too long, the
farmer will want to inspect to determine what has gone
wrong. If the mrrigation 1s within range (but not yet fully
complete), again progress 1s monitored, and when the 1rr1-
gation appears to be essentially complete the water 1s shut
ofl at the source (unless another field 1s to be 1rrigated); see
block 229. If the water source 1s distant as discussed above,
water will continue to be delivered for a time. If the source
1s local, such as from ground water, then no projections need

be made and the water source can simply be switched to
another field or different portion of a field, for example.

The block 230 denotes that, in the case of a distant water
source, the progress of the irrigation continues to be moni-
tored, to be sure 1rrigation of the field 1s completed. It the
irrigation data 1s not within range (232), again the farmer 1s
alerted (234). If the irnigation 1s complete and within range,
it 1s terminated, as at 236. Again, a report 1s sent to the
tarmer (238) providing all data on irrigation duration, the
quantity ol water used and any 1rregularites.

The above described preferred embodiments are intended
to 1llustrate the principles of the invention, but not to limit
its scope. Other embodiments and variations to these pre-
terred embodiments will be apparent to those skilled 1n the
art and may be made without departing from the spirit and
scope of the mvention as defined in the following claims.

We claim:

1. A sensor for use on a farm utilizing flood 1rrigation, for
placement over an 1rrigation water ditch, box or basin to
detect and report conditions at the sensor, comprising;

a waterprool plastic casing with an openable closure,

a microprocessor contained within the casing,

a wireless transmitter/recerver connected to the micropro-
cessor within the casing, a battery within the casing for
powering the microprocessor and wireless transmaitter/
recelver,

an antenna connected to the wireless transmitter/receiver,

a normally-open circuit in the casing, connected to the
battery and to the microprocessor, including two con-
ductive probes extending exterior of the casing, for
sensing when standing water 1s present on a farm field
at the location of the sensor, by closing the circuit when
water contacts the two probes, and

the sensor further including in the casing a distance-
measuring device for determining water level, the dis-
tance device comprising an ultrasonic distance measur-
ing system connected to the microprocessor, with an
ultrasonic transmitter and an ultrasonic receiver
extending exterior of the casing,

whereby when used over a water box, basin or ditch,
water level can be determined by distance to the water
from the sensor, and the microprocessor causes a
wireless signal to be sent via the system antenna in
indicating water level 1in the box, basin or ditch.

2. The sensor of claim 1, wherein the plastic casing 1s

cylindrical and no greater than three inches 1n outside
diameter.
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3. The sensor of claim 1, further including a GPS receiver
within the casing and connected to the microprocessor and
battery, so that position of the sensor can be reported.
4. The sensor of claim 1, wherein the battery 1s recharge-
able, and including an inductive charging umt within the
casing, such that the sensor can be placed adjacent to an
inductive charger to recharge the battery.
5. The sensor of claim 1, further including a solar PV
array adjacent to the sensor and connected 1nto the sensor for
charging the battery, which 1s a rechargeable battery,
whereby water level detection can be operated frequently,
with the battery remaining charged.
6. An automated system for determining conditions on a
farm, the farm including flood irrigation of some fields,
comprising:
a gateway located on the farm,
a series of flood irrigation water presence sensors posi-
tioned on at least one flood-1rrigated field on the farm,
at spaced apart locations above ground so as to provide
data indicating position and progress of surface water
in the field when the field 1s subjected to tlood 1rriga-
tion, each water presence sensor comprising a water-
proof casing, a microprocessor within the casing, a
wireless transmitter within the casing and connected to
the microprocessor, an antenna connected to the wire-
less transmitter, a battery for powering the micropro-
cessor and wireless transmitter, and a pair of conduc-
tive probes extending exteriorally of the casing and
being 1n a normally-open circuit connected to the
battery and to the microprocessor for sensing surface
water presence at the sensor by closing the circuit,
whereby the microprocessor can cause the wireless
transmitter to transmit a wireless signal to the gateway
indicating water presence,
a plurality of water level sensors positioned on the farm
at ditches, boxes or basins receiving irrigation water,
the water level sensors being positioned above water
and with distance detecting devices for determining
distance to water surfaces below to determine height of
water 1n each ditch, box or basin, each water level
sensor including a microprocessor and a wireless trans-
mitter for transmitting a wireless data signal regarding
water level to the gateway,
pump status sensors at water pumps on the farm, with
microprocessors and wireless transmitters, for trans-
mitting wireless signals to the gateway with pump
status,
a plurality of so1l moisture sensors positioned on the farm,
with probes underground at selected depths, to deter-
mine soil moisture content at different locations, the
so1l moisture sensors each including a microprocessor
and a wireless transmitter to transmit a wireless signal
to the gateway, and
the gateway being capable of sending recerved data
regarding conditions on the farm to a server, and the
system including a computer or hand-held device for
communication with the server to receive and display
various detected conditions on the farm,
the computer or hand-held device configured to:
indicate a need for 1rrigation at one or more fields on the
farm using data from the soil moisture sensors,
indicate status of water level 1n said ditches, boxes or
basins using data from the water level sensors, and
status of water pumps on the farm using data from the
pump status sensors,

11 data from the soi1l moisture sensors imndicates a need for
irrigation 1n the field, start a flow of water from a pipe
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or ditch source to one of said ditches, boxes or basins
by communicating with the server via the gateway,

when the water level 1s within a prescribed range, open at
least one valve to flood a field by communicating with
the server via the gateway to control said valve, and

after the water presence sensors in the field confirm water
at all needed locations, communicating with the server
via the gateway to shut ofl water flow to the ditch, box
or basin.

7. The system of claim 6, wherein the water presence
sensors each include a GPS receiver within the water
presence sensor casing, such that the position of each water
presence sensor can be determined and met it desired.

8. The system of claim 6, wherein the water level sensors
cach include a rechargeable battery, and further including a
solar panel near each water level sensor, connected to the
battery of the water level sensor for charging the recharge-
able battery.

9. An automated system for determining conditions on a
farm, the farm including flood 1rrigation of some fields,
comprising;

a gateway located on the farm, with an Internet connec-

tion,

a series of tlood 1rrigation water presence sensors posi-
tioned on at least one flood-1rrigated field on the farm.,
at spaced apart locations so as to provide data indicat-
ing position and progress of surface water in the field
when the field 1s subjected to flood irrigation, each
water presence sensor comprising a waterprool casing,
a microprocessor within the casing, a wireless trans-
mitter within the casing and connected to the micro-
processor, an antenna connected to the wireless trans-
mitter, a battery for powering the microprocessor and
wireless transmitter, and a pair of conductive probes
extending exteriorally of the casing and being in a
normally-open circuit connected to the battery and to
the microprocessor for sensing surface water presence
at the sensor by closing the circuit, whereby the micro-
processor can cause the wireless transmitter to transmit
a wireless signal to the gateway indicating water pres-
ence,

a plurality of water level sensors positioned on the farm
at ditches, boxes or basins receiving irrigation water,
the water level sensors being positioned above water
and with distance detecting devices for determining
distance to water surfaces below to determine height of
water 1n each ditch, box or basin, each water level
sensor 1including a microprocessor and a wireless trans-
mitter for transmitting a wireless data signal regarding
water level to the gateway,

pump status sensors at water pumps on the farm, with
microprocessors and wireless transmitters, for trans-
mitting wireless signals to the gateway with pump
status,

a plurality of soi1l moisture sensors positioned on the farm,
with probes underground at selected depths, to deter-
mine so1l moisture content at different locations, the
so1l moisture sensors each including a microprocessor
and a wireless transmitter to transmit a wireless signal
to the gateway,

the gateway being capable of sending received data
regarding conditions on the farm to a server, and the
system including a computer or hand-held device for
communication with the server to receive and display
various detected conditions on the farm,

and the system further including position sensors on at
least one tractor and a plurality of farm implements on
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the farm, some of which are towed by the tractor, each
position sensor comprising a waterprool casing, a
microprocessor within the position sensor casing, a
wireless transmitter within the position sensor casing
and connected to the position sensor microprocessor, an
antenna connected to the position sensor wireless trans-
mitter, a battery for powering the position sensor
microprocessor and position sensor wireless transmit-
ter, and a GPS receiver connected to the position sensor
microprocessor and the position sensor battery, so that
the position sensors are able to determine real-time
positions of the tractor and implements via the gateway,
the Internet and the server.

10. A method for an operating irrigation system on a farm,
the farm having available flood irrigation water supplied
from a pipe or ditch, comprising:

clectronically checking soil moisture content at one or
more fields on the farm, with one or more electronic
so1l moisture measurement devices including probes
extending down into the soil and including a wireless
transmitter of so1l moisture data, by collecting moisture
data from the soil moisture measurement devices on a
computer or hand-held computer device, reviewing the
moisture data,

11 so1l moisture content indicates a need for irrigation 1n
the field, starting a tlow of water from a pipe or ditch
source, to a flood 1rrigation box,

with an electronic water level measurement unit posi-
tioned at the flood irngation box, the water level
measurement unit including a wireless data transmitter,
monitoring the level of water 1n the box using said
computer or hand-held computer device, and when
water level 1s within a prescribed range, starting flood
irrigation by opening a valve,

checking flow onto the field or fields to be irrigated, and
if flow 1s within a prescribed range, monitoring prog-
ress of the flood 1rrigation over at least one field using
said computer or hand-held computer device receiving,
water presence data from a plurality of water presence
sensors on the field, each having a circuit which 1s
closed by water when above-ground water 1s present, a
battery, a microprocessor and a radio transmitter to
wirelessly transmit data as to water presence, and

alter the water presence data from the water presence
sensors indicate a field has been fully flooded, shutting

oif the tlow of water to the flood irnigation box.

11. The method of claim 10, wherein the flow of water out
of the flood irrigation box continues after the shutting ofl of
the tlow of water to the box, and further including continu-
ing to monitor progress ol irrigation of the field and when
the water presence sensors indicate 1rrigation of the field has
been suflicient and 1s complete, discontinuing the flood
water onto the field.

12. The method of claim 10, wherein the step of starting
a flow of water comprises opeming an electrically-operated,
wirelessly controlled valve by sending a signal from said
computer or hand-held computer device, and wherein the
step of shutting off the flow of water to the flood 1rrigation
box comprises closing the electrically-operated, wireless
controlled valve by use of the computer or hand-held
computer device.

13. The method of claim 10, wherein the farm further
includes a micro wrrigation system wherein plants are irri-
gated by spraying or dripping water, and including selection
of flood irngation or micro 1rrigation using the computer or
hand-held computer device, initiating irrigation using the
computer or hand-held computer device, and monitoring
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pressure during micro irrigation by pressure-data signals on
the computer or hand-held computer device from one or
more pressure monitors in the irrigation pipes.

14. The method of claim 10, wherein the farm includes an
clectronic gateway to receive all said wirelessly transmitted 5
data signals, and wherein data received 1n the gateway 1is
transmitted to the computer or hand-held computer device.
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